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(57) ABSTRACT 

The present invention is a photomask 3 for exposing a Sub 
strate coated with a positive photosensitive material. At least 
a first mask pattern group 16 and a second mask pattern group 
17 are formed on a transparent substrate at a predetermined 
arrangement pitch. The first mask pattern group 16 has first 
light shielding patterns 20 arranged at an interval correspond 
ing to two types of convex pattern forming portions of differ 
ent heights on the substrate, in which the first light shielding 
patterns 20 each have a Substantially same area as a cross 
sectional area of a convex pattern. The second mask pattern 
group 17 has a second light shielding pattern 22 and an 
opening pattern 23, in which the second light shielding pat 
tern 22 has a predetermined area and corresponds to a higher 
convex pattern forming portion among the two types of con 
vex pattern forming portions, and the opening pattern corre 
sponds to a lower convex pattern forming portion. This 
enables top parts of a plurality of types of convex patterns of 
different heights to be shaped substantially hemispherical. 

7 Claims, 10 Drawing Sheets 
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1. 

METHOD FOR FORMING CONVEX 
PATTERN, EXPOSURE APPARATUS AND 

PHOTOMASK 

This application is a continuation of PCT/JP2009/068906, 5 
filed on Nov. 5, 2009. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 10 
The present invention relates to a method for forming con 

vex patterns in which, while conveying a Substrate coated 
with a positive photosensitive material, the photosensitive 
material is exposed by controlling an irradiation timing of 
exposure light with which the substrate is irradiated, thereby 15 
forming a plurality of types of convex patterns of different 
heights on the Substrate. In particular, the present invention 
relates to a method for forming convex pattern so as to enable 
top of protruding portion to be a Substantially hemispherical 
shape, an exposure apparatus, and a photomask. 2O 

2. Description of Related Art 
A conventional method for forming convex pattern of this 

type is used, for example, in forming of columnar spacers on 
a color filter Substrate in a liquid crystal display apparatus. 
Color filters of RGB are coated with a photosensitive trans- 25 
parent acrylic resin or the like, to be exposed and developed to 
thereby form columnar spacers. In this case, columnar spac 
ers of different heights are formed by changing film thick 
nesses of the color filters of RGB (for example, see Japanese 
Laid-Open (Kokai) Patent Application Publication No. 2003- 30 
84289). 

SUMMARY OF THE INVENTION 

However, in Such a conventional method for forming con- 35 
vex pattern, columnar spacers of different heights are formed 
on the color filters of RGB by changing the film thicknesses of 
the color filters, and thus, there is a problem that management 
of the film thicknesses of the color filters of RGB is compli 
cated. 40 

Furthermore, when forming the columnar spacers by expo 
Sure, typically the photosensitive material is exposed using a 
photomask that has mask patterns of a Substantially same 
shape as a cross sectional shape of the columnar spacers, so 
that a top end Surface of each columnar spacer is usually flat. 45 
Accordingly, in the case in which top end Surfaces of a plu 
rality of high columnar spacers formed on the color filter 
substrate are not flush with each other, when forming a liquid 
crystal display substrate by butting the color filter substrate 
and a TFT substrate together, there is a possibility that a cell 50 
gap is restricted by the highest columnar spacer and as a result 
a predetermined cell gap is not obtained. This may be over 
come by increasing a pressure of pressing the color filter 
substrate against the TFT substrate. However, a very high 
pressure is needed when, for example, a large-area substrate 55 
of 2 m or more is used. This raises a possibility that a signifi 
cant load is imposed on an apparatus for forming liquid crys 
tal display Substrate. 

In view of the above-mentioned problems, the present 
invention has an object to provide a method for forming 60 
convex pattern so as to enable top of a plurality of convex 
portions of different heights to be a substantially hemispheri 
cal shape, an exposure apparatus, and a photomask. 

In order to achieve the above-mentioned object, the method 
for forming convex pattern according to the present invention 65 
is a method for forming convex pattern in which a substrate 
coated with a positive photosensitive material is irradiated 

2 
with exposure light through a photomask to expose the pho 
tosensitive material, thereby forming a plurality of types of 
convex patterns of different heights on the substrate, in the 
method, while passing the Substrate under the photomask in 
one direction at a constant Velocity, at least the following 
steps are executed: a step in which outer regions of first light 
shielding portions that are shielded from light by the photo 
mask corresponding to a plurality of types of convex pattern 
forming portions on the Substrate are repeatedly exposed a 
predetermined number of times; a step in which an outer 
region of a second light shielding portion that has a predeter 
mined area and is shielded from light by the photomask 
corresponding to a substantial center of a predetermined con 
vex pattern forming portion among the plurality of types of 
convex pattern forming portions and a convex pattern forming 
portion other than the predetermined convex pattern forming 
portion are exposed to a predetermined depth; and a step in 
which the photosensitive material on the substrate is devel 
oped. 

According to this structure, while passing the Substrate 
coated with the positive photosensitive material under the 
photomask in one direction at a constant Velocity, at least the 
following is performed: outer regions of first light shielding 
portions that are shielded from light by the photomask corre 
sponding to a plurality of types of convex pattern forming 
portions of different heights on the substrate are repeatedly 
exposed a predetermined number of times; an outer region of 
a second light shielding portion that has a predetermined area 
and is shielded from light by the photomask corresponding to 
a Substantial center of a predetermined convex pattern form 
ing portion among the plurality of types of convex pattern 
forming portions and a convex pattern forming portion other 
than the predetermined convex pattern forming portion are 
exposed to a predetermined depth; and then the photosensi 
tive material on the substrate is developed. Thus, the plurality 
of types of convex patterns of different heights are formed on 
the substrate. 

Moreover, the exposure apparatus according to the present 
invention is an exposure apparatus that, while conveying a 
Substrate coated with a positive photosensitive material in one 
direction at a constant Velocity, exposes the photosensitive 
material by controlling, by a control device, an irradiation 
timing of exposure light with which the substrate is irradiated 
through a photomask, thereby exposing a plurality of types of 
convex patterns of different heights on the substrate. When 
the Substrate passes under the photomask, the control device 
controls the irradiation timing of the exposure light at least So 
that: outer regions of first light shielding portions that are 
shielded from light by the photomask corresponding to a 
plurality of types of convex pattern forming portions for the 
plurality of types of convex patterns on the Substrate are 
repeatedly exposed a predetermined number of times; and an 
outer region of a second light shielding portion that has a 
predetermined area and is shielded from light by the photo 
mask corresponding to a Substantial center of a predeter 
mined convex pattern forming portion among the plurality of 
types of convex pattern forming portions and a convex pattern 
forming portion other than the predetermined convex pattern 
forming portion are exposed to a predetermined depth. 

According to this structure, when the substrate coated with 
the positive photosensitive material passes under the photo 
maskin one directionata constant Velocity, the control device 
controls the irradiation timing of the exposure light at least So 
that: outer regions of first light shielding portions that are 
shielded from light by the photomask corresponding to a 
plurality of types of convex pattern forming portions of dif 
ferent heights on the Substrate are repeatedly exposed a pre 



US 8,293,434 B2 
3 

determined number of times; and an outer region of a second 
light shielding portion that has a predetermined area and is 
shielded from light by the photomask corresponding to a 
Substantial center of a predetermined convex pattern forming 
portion among the plurality of types of convex pattern form 
ing portions and a convex pattern forming portion other than 
the predetermined convex pattern forming portion are 
exposed to a predetermined depth. Thus, the plurality of types 
of convex patterns of different heights are exposed on the 
substrate. 

Moreover, the photomask according to the present inven 
tion is a photomask used in an exposure apparatus that, while 
conveying a Substrate coated with a positive photosensitive 
material in one direction at a constant Velocity, exposes the 
photosensitive material by controlling an irradiation timing 
of exposure light with which the substrate is irradiated, 
thereby forming a plurality of types of convex patterns of 
different heights on the Substrate. In the photomask, at least a 
first mask pattern group and a second mask pattern group are 
arranged on a transparent Substrate at a predetermined inter 
val. The first mask pattern group has first light shielding 
patterns arranged at an interval corresponding to a plurality of 
types of convex pattern forming portions for the plurality of 
types of convex patterns on the Substrate, each of the first light 
shielding patterns having a substantially same area as a cross 
sectional area of a convex pattern, and the second mask pat 
tern group has a second light shielding patternandan opening 
pattern arranged at the interval corresponding to the plurality 
of types of convex pattern forming portions, the second light 
shielding pattern having a predetermined area and corre 
sponding to a predetermined convex pattern forming portion 
among the plurality of types of convex pattern forming por 
tions, and the opening pattern corresponding to a convex 
pattern forming portion other than the predetermined convex 
pattern forming portion. 

According to this structure, while conveying the Substrate 
coated with the positive photosensitive material in one direc 
tion at a constant Velocity, a plurality of types of convex 
pattern forming portions of different heights on the Substrate 
are shielded from light by first light shielding patterns of a 
first mask pattern group to expose outer regions of the plural 
ity of types of convex pattern forming portions. Moreover, a 
predetermined convex pattern forming portion of the plurality 
of types of convex pattern forming portions is shielded from 
light by a second light shielding pattern of a predetermined 
area of a second mask pattern group to expose an outer region 
of the predetermined convex pattern forming portion, and a 
convex pattern forming portion other than the predetermined 
convex pattern forming portion is exposed by an opening 
pattern of the second mask pattern group. 

Moreover, in the photomask, the first mask pattern group is 
formed on one surface of the transparent Substrate, the second 
mask pattern group is formed on the other Surface of the 
transparent Substrate, and microlenses are formed on the 
same side as the Surface of the transparent Substrate at a 
position retracting by a predetermined distance, from the 
Surface on which the first mask pattern group is formed 
toward the other surface of the transparent substrate, the 
microlenses corresponding to the second light shielding pat 
tern and the opening pattern of the second mask pattern 
group. According to this, the first mask pattern group is 
formed on one surface of the transparent Substrate, the second 
mask pattern group is formed on the other Surface of the 
transparent Substrate, and microlenses are formed on the 
same side as the Surface of the transparent Substrate at a 
position retracting by a predetermined distance, from the 
Surface on which the first mask pattern group is formed 
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4 
toward the other surface of the first transparent substrate, the 
microlenses corresponding to the second light shielding pat 
tern and the opening pattern of the second mask pattern 
group. This enables the plurality of types of convex patterns 
of different heights to be formed on the substrate. 

Moreover, in the photomask, the first mask pattern group is 
formed on one surface of a first transparent Substrate, the 
second mask pattern group is formed on one Surface of a 
second transparent Substrate and the microlenses are formed 
on the other Surface of the second transparent Substrate, and 
the other surface of the first transparent substrate and the other 
Surface of the second transparent Substrate are butt-joined 
together. According to this, the first mask pattern group is 
formed on one surface of a first transparent Substrate, the 
second mask pattern group is formed on one Surface of a 
second transparent Substrate and the microlenses are formed 
on the other Surface of the second transparent Substrate, and 
the other surface of the first transparent substrate and the other 
Surface of the second transparent Substrate are butt-joined 
together. Thus, the microlenses are formed on the same side 
as one Surface of the first transparent Substrate, at the position 
retracting by the predetermined distance, from the Surface on 
which the first mask pattern group is formed toward the other 
surface of the first transparent substrate. 

Moreover, in the photomask, the first mask pattern group is 
formed on one surface of a first transparent Substrate, the 
second mask pattern group is formed on one Surface of a 
second transparent Substrate having a smaller thickness than 
the first transparent substrate and the microlenses are formed 
on the other Surface of the second transparent Substrate, and 
an end surface of the first transparent substrate and an end 
Surface of the second transparent Substrate are butt-joined 
together. According to this, the first mask pattern group is 
formed on one surface of a first transparent Substrate, the 
second mask pattern group is formed on one Surface of a 
second transparent Substrate having a smaller thickness than 
the first transparent substrate and the microlenses are formed 
on the other Surface of the second transparent Substrate, and 
an end Surface of the first transparent Substrate and an end 
Surface of the second transparent Substrate are butt-joined 
together. Thus, the microlenses are formed on the same side 
as one Surface of the first transparent Substrate, at the position 
retracting by the predetermined distance, from the Surface on 
which the first mask pattern group is formed toward the other 
surface of the first transparent substrate. 

Moreover, in the photomask, peripheries of the micro 
lenses are shielded from light by a light shielding film. 
According to this, a light shielding film shields peripheries of 
the microlenses from light. 
The invention according to any of claims 1, 2, and 3 enables 

top parts of convex patterns to be shaped substantially hemi 
spherical. For example, when used in forming of columnar 
spacers for regulating a cell gap of a liquid crystal display 
Substrate, since top parts of the columnar spacers are Substan 
tially hemispherical, contact between the columnar spacers 
and a Substrate disposed on the columnar spacers is point 
contact. Even if a plurality of high columnar spacers among a 
plurality of columnar spacers of different heights vary in 
height, a Substantially hemispherical top part of the highest 
columnar spacer can be easily crushed with a smaller pressure 
than in the conventional case. Hence, a uniform cell gap can 
be formed throughout an entire Surface of a large-area liquid 
crystal display substrate. This contributes to a reduced load on 
an apparatus for forming a liquid crystal display Substrate. 

Moreover, the invention according to claim 4 enables irra 
diation energy of exposure light on the Substrate to be 
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enhanced by the microlenses. This contributes to a higher 
conveying Velocity of the Substrate, and a shorter tact time of 
an exposure process. 

In addition, the invention according to claim 5 or 6 enables 
the microlenses to be easily formed on the same side as one 
Surface of the transparent Substrate, at the position retracting 
by the predetermined distance, from the surface on which the 
first mask pattern group is formed toward the other surface of 
the transparent substrate. Therefore, the mask patterns in the 
first mask pattern group can be used for reduction exposure 
and the mask patterns in the second mask pattern group can be 
used for reduction exposure by the microlenses, without 
changing a distance between the photomask and the Substrate 
coated with the photosensitive material. 

Furthermore, the invention according to claim 7 enables 
the photosensitive material to be prevented from being 
exposed to exposure light leaking from around the micro 
lenses. This enhances convex pattern forming accuracy. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic view illustrating an embodimentofan 
exposure apparatus according to the present invention; 

FIG. 2 is a plan view illustrating an example of a structure 
of a color filter Substrate used in the exposure apparatus; 

FIG. 3 is a main part enlarged sectional view illustrating a 
section parallel to a conveying direction of the color filter 
substrate; 

FIGS. 4A to 4C are views illustrating an example of a 
structure of a photomask used in the exposure apparatus 
according to the present invention: FIG. 4A is a plan view, 
FIG. 4B is a right side view; and FIG. 4C is a bottom view: 
FIGS.5A to 5D are sectional views taken along line o-o in 

FIG. 4: FIG. 5A is a main part enlarged sectional view of a 
first mask pattern group; FIG. 5B is a main part enlarged 
sectional view of a second mask pattern group; FIG. 5C is a 
main part enlarged sectional view of a third mask pattern 
group; and FIG.5D is a main part enlarged sectional view of 
a fourth mask pattern group; 

FIGS. 6A to 6D are main part enlarged plan views of the 
photomask, FIG. 6A illustrates the first mask pattern group; 
FIG. 6B illustrates the second mask pattern group; FIG. 6C 
illustrates the third mask pattern group; and FIG. 6D illus 
trates the fourth mask pattern group; 

FIG. 7 is a block diagram illustrating a control device in the 
exposure apparatus; 

FIG. 8 is a flowchart illustrating a method for forming 
columnar spacer according to the present invention; 

FIGS. 9A to 9C are explanatory views illustrating exposure 
repeatedly performed for outer regions of columnar spacer 
forming portions using the first mask pattern group; 

FIGS. 10A to 10C are explanatory views illustrating step 
wise exposure repeatedly performed for the columnar spacer 
forming portions using the second to fourth mask pattern 
groups; and 

FIG. 11 is a main part enlarged sectional view illustrating 
columnar spacers of different heights formed by the method 
for forming columnar spacer according to the present inven 
tion. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Hereinafter, an embodiment of the present invention will 
be described in detail with reference to the attached drawings. 
FIG. 1 is a schematic view illustrating a structure of an 
embodiment of an exposure apparatus according to the 
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6 
present invention. This exposure apparatus is an apparatus 
that, while conveying a substrate coated with a positive pho 
tosensitive material, exposes the photosensitive material by 
controlling an irradiation timing of exposure light with which 
the substrate is irradiated, thereby forming a plurality of types 
of convex patterns of different heights on the substrate. The 
exposure apparatus includes a conveying device 1, a mask 
stage 2, a photomask 3, an exposure optical system 4, an 
imaging device 5, an illumination device 6, and a control 
device 7. The following describes the case in which the sub 
strate coated with the positive photosensitive material is a 
color filter substrate 8. 
The color filter substrate 8 includes: a black matrix 10 

having a of a plurality of pixels 9 in a matrix state on a 
transparent glass substrate as illustrated in FIG. 2: RGB color 
filters 11R. 11G, and 11B formed in turn corresponding to the 
pixels 9 as illustrated in FIG. 3; and a flattening film 12 
covering upper surfaces of the black matrix 10 and the color 
filters 11R. 11G, and 11B. An upper surface of the color filter 
substrate 8 is coated with a positive photosensitive material 
13. At predetermined positions on the black matrix 10, such as 
positions corresponding to four corners of each pixel 9 (see 
FIG. 2), columnar spacers as two types of convex patterns of 
different heights are formed. Note that w denotes an arrange 
ment pitch of the pixels 9 in a conveying direction indicated 
by arrow A. In FIG.3, reference numeral 14 is the transparent 
glass Substrate. 
The conveying device 1 conveys a stage 15 with the color 

filter substrate 8 thereon at a predetermined velocity in one 
direction (direction indicated by arrow A), and for example, 
moves the stage 15 by a moving mechanism that combines a 
motor, a gear, and the like. The conveying device 1 also 
includes a velocity sensor (not illustrated in FIG. 1) for 
detecting the moving Velocity of the stage 15, and a position 
sensor (not illustrated in FIG. 1) for detecting a moving dis 
tance of the stage 15. 
The mask stage 2 is provided above the conveying device 1. 

The mask stage 2 holds the below-mentioned photomask3 so 
as to face, in proximity, the color filter substrate 8 mounted 
and conveyed on the conveying device 1. The mask stage 2 
has an opening in its center corresponding to a region that 
includes a mask pattern forming area and an observation 
window 33 of the photomask 3 (see, FIG. 4), to thereby hold 
the photomask 3 by positioning peripheral portions of the 
photomask 3. The mask stage 2 is movable together with the 
below-mentioned imaging device 5 in a direction Substan 
tially orthogonal to the conveying direction indicated by 
arrow A of the color filter substrate 8, within a plane parallel 
to the surface of the stage 15. The mask stage 2 may also be 
rotatable around the center of the mask stage 2 as an axis 
within a predetermined angle range, according to need. 
The photomask 3 is attachably and detachably held by the 

mask stage 2. As illustrated in FIG. 4, in the photomask 3, a 
first mask pattern group 16, a second mask pattern group 17. 
a third mask pattern group 18, and a fourth mask pattern 
group 19 are formed at a predetermined arrangement pitch. 
The first mask pattern group 16 is formed on one surface of a 
transparent Substrate such as a quartz. Substrate, and has first 
light shielding patterns 20 (see, FIGS.5A and 6A) arranged at 
an interval corresponding to two types of columnar spacer 
forming portions of different heights on the color filter sub 
strate 8, in which the first light shielding patterns 20 each have 
a Substantially same area as a cross sectional area of a colum 
nar spacer. The second mask pattern group 17 has a second 
light shielding pattern 22 and an opening pattern 23 (see, 
FIGS. 5B and 6B) arranged at the interval corresponding to 
the two types of columnar spacer forming portions, in which 
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the second light shielding pattern 22 corresponds to a higher 
columnar spacer forming portion of the two types of colum 
nar spacer forming portions and has a predetermined area, 
and the opening pattern 23 corresponds to a lower columnar 
spacer forming portion. The third mask pattern group 18 has 
a third light shielding pattern 24 and a fourth light shielding 
pattern 25 (see, FIGS. 5C and 6C) arranged at the interval 
corresponding to the two types of columnar spacer forming 
portions, in which the third light shielding pattern 24 corre 
sponds to the higher columnar spacer forming portion of the 
two types of columnar spacer forming portions and has a 
larger area than the second light shielding pattern 22, and the 
fourth light shielding pattern 25 corresponds to the lower 
columnar spacer forming portion and has a predetermined 
area. The fourth mask pattern group 19 has a fifth light shield 
ing pattern 26 and a sixth light shielding pattern 27 (see, 
FIGS. 5D and 6D) arranged at the interval corresponding to 
the two types of columnar spacer forming portions, in which 
the fifth light shielding pattern 26 corresponds to the higher 
columnar spacer forming portion of the two types of colum 
nar spacer forming portions and has a larger area than the 
third light shielding pattern 24, and the sixth light shielding 
pattern 27 corresponds to the lower columnar spacer forming 
portion and has a larger area than the fourth light shielding 
pattern 25. 

In detail, in the first mask pattern group 16, three light 
shielding pattern line sets 21a, 21b, and 21c in each of which 
a plurality of first light shielding patterns 20 are arranged in 
the direction Substantially orthogonal to the conveying direc 
tion (direction indicated by arrow A) of the color filter sub 
strate 8 are arranged in parallel with each other at an arrange 
ment pitch W (for example, W=2w). In the second mask 
pattern group 17, one light shielding pattern line set 21d in 
which a plurality of second light shielding patterns 22 and a 
plurality of opening patterns 23 are arranged in the direction 
substantially orthogonal to the direction indicated by arrow A 
is provided. In the third mask pattern group 18, one light 
shielding pattern line set 21e in which a plurality of third light 
shielding patterns 24 and a plurality of fourth light shielding 
patterns 25 are arranged in the direction substantially 
orthogonal to the direction indicated by arrow A is provided. 
In the fourth mask pattern group 19, one light shielding pat 
tern line set 21 fin which a plurality of fifth light shielding 
patterns 26 and a plurality of sixth light shielding patterns 27 
are arranged in the direction Substantially orthogonal to the 
direction indicated by arrow A is provided. The second mask 
pattern group 17 is located at a distance nW (n is a positive 
integer) from any of the light shielding pattern line sets 21a to 
21c (the light shielding pattern line set 21a in FIG. 4) in the 
first mask pattern group 16. The second mask pattern group 
17 to the fourth mask pattern group 19 are located at a dis 
tance mW (m is a positive integer Smaller than n) from each 
other. Note that the second light shielding pattern 24 to the 
sixth light shielding pattern 27 are illustrated as open circles 
in FIG. 4 for the sake of simplicity. 

In this embodiment, the photomask 3 has the following 
structure. The first mask pattern group 16 is formed on one 
Surface of the quartz. Substrate, and the second mask pattern 
group 17 to the fourth mask pattern group 19 are formed on 
the other surface of the quartz. Substrate. In addition, micro 
lenses 28 corresponding to the second light shielding pattern 
22 to the sixth light shielding pattern 27 and the opening 
pattern 23 in the second mask pattern group 17 to the fourth 
mask pattern group 19, are formed on the same side as one 
Surface of the quartz. Substrate, at a position retracting by a 
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8 
distance D from the surface on which the first mask pattern 
group 16 is formed toward the other surface of the quartz 
substrate (see, FIG. 4B). 
As illustrated in FIG. 4B, such a photomask 3 can be 

formed as follows. The first mask pattern group 16 is formed 
on a chromium (Cr) light shielding film 32 provided on one 
surface 29a of a first quartz substrate 29. The second mask 
pattern group 17 to the fourth mask pattern group 19 are 
formed on the chromium (Cr) light shielding film 32 provided 
on one surface 30a of a second quartz substrate 30, and the 
microlenses 28 are formed on the other surface 30b of the 
second quartz substrate 30. The other surface 29b of the first 
quartz substrate 29 and the other surface 30b of the second 
quartz substrate 30 are butted and joined together by a trans 
parent adhesive. 

Alternatively, the photomask 3 may be formed in the fol 
lowing manner. The first mask pattern group 16 is formed on 
one surface of a quartz. Substrate. The second mask pattern 
group 17 to the fourth mask pattern group 19 are formed on 
one Surface of another quartz. Substrate having a smaller thick 
ness than the quartz. Substrate, and the microlenses 28 are 
formed on the other surface of the other quartz substrate. End 
surfaces of the two quartz substrates are then butted and 
joined together. 

In these cases, it is preferable that a periphery of each 
microlens 28 is shielded from light by the chromium (Cr) 
light shielding film 32, as illustrated in FIGS. 4C and 5. 

In addition, the photomask 3 has a rectangular opening on 
the side of the first mask pattern group 16 apart from the light 
shielding pattern line set 21a (hereafter, referred to as “first 
light shielding pattern line set) by a distance L, the first light 
shielding pattern line set is located on an upstream side in the 
conveying direction indicated by arrow A among the three 
light shielding pattern line sets 21a to 21c of the first mask 
pattern group 16. The opening has a longitudinal center axis 
parallel to a longitudinal center axis of the first light shielding 
pattern line set 21a. The opening serves as the observation 
window 33 that allows the below-mentioned imaging device 
5 to observe the surface of the color filter substrate 8. In the 
observation window 33, an N-shaped slit (hereafter, referred 
to as “N slit) not illustrated is formed on the longitudinal 
center axis of the observation window 33. The N slit is used 
for detection of an edge of a pixel 9 of the color filter substrate 
8 Substantially orthogonal to the conveying direction (direc 
tion indicated by arrow A), and for alignment between the 
photomask 3 and the color filter substrate 8. Two parallel left 
and right slits of the N slit are orthogonal to the longitudinal 
center axis of the observation window 33, and the center of 
the N slit coincides with the longitudinal center axis of the 
observation window 33. Note that, other than the N slit, an 
alignment mark may be provided. 
As illustrated in FIG. 1, the photomask 3 is positioned and 

fixed on the mask stage 2 so that the surface on which the first 
mask pattern group 16 and the microlenses 28 are formed 
faces the conveying device 1, and the observation window 33 
is located on the upstream side in the conveying direction 
(direction indicated by arrow A) of the color filter substrate 8. 
The exposure optical system 4 is formed above the mask 

stage 2. The exposure optical system 4 irradiates the photo 
mask 3 with uniform source light L1, and includes a light 
source 34, a rod lens 35, and a condensing lens 36. 
The light source 34 emits, for example, ultraviolet light of 

355 nm in wavelength. The light source 34 is, for example, a 
flash lamp, an ultraviolet emitting laser light Source whose 
light emission is controlled by the below-mentioned control 
device 7. The rod lens 35 is disposed forward in an emission 
direction of the source light L1 emitted from the light source 
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34, and makes aluminance distribution within a cross-section 
orthogonal to an optical axis of the source light L1 uniform. 
Note that an optical component for making the luminance 
distribution of the source light L1 uniform is not limited to the 
rod lens 35, and a light pipe or other known optical compo 
nent may be used. The condenser lens 36 is disposed so that its 
anterior focal point coincides with an output end surface 35a 
of the rod lens 35, and converts the source light L1 emitted 
from the rod lens 35 into parallel light to irradiate the photo 
mask 3 with the light. 
The imaging device 5 is provided on the upstream side of 

the exposure optical system 4 in the conveying direction of 
the color filter substrate 8 indicated by arrow A. The imaging 
device 5 images a reference position of a pixel 9 as a posi 
tioning reference formed on the color filter substrate 8 and the 
Nslit (not illustrated) formed in the observation window 33 of 
the photomask 3, at a position on the upstream side of an 
exposure position of the photomask 3 in the conveying direc 
tion. The imaging device 5 is a line camera in which a plu 
rality of light receiving elements are arranged in a line in a 
direction Substantially orthogonal to the conveying direction 
(direction indicated by arrow A) of the color filter substrate 8. 
within a plane parallel to the upper surface of the stage 15. A 
longitudinal center axis of the imaging device 5 substantially 
coincides with the longitudinal center axis of the observation 
window 33 of the photomask3. Moreover, the imaging device 
5 includes an optical path length correction device on its 
optical path so that the pixel 9 on the color filter substrate 8 
and the N slit of the photomask 3 can be imaged simulta 
neously. Note that reference numeral 37 in FIG. 1 denotes a 
total reflection mirror that bends the optical path of the imag 
ing device 5. 
The illumination device 6 is provided under the stage 15 of 

the conveying device 1 corresponding to an imaging region of 
the imaging device 5. The illumination device 6 irradiates the 
color filter substrate 8 from below with illumination light 
made of visible light from which ultraviolet light is filtered 
out, to allow the imaging device 5 to observe the pixel 9 
formed on the surface of the color filter substrate 8. For 
example, the illumination device 6 is a halogen lamp or the 
like. Note that the illumination device 6 may be provided 
above the stage 15 as epi-illumination. 
The control device 7 is connected to the conveying device 

1, the imaging device 5, the light source 34, the mask stage 2, 
and the illumination device 6. When the color filter substrate 
8 passes under the photomask3, the control device 7 controls 
an irradiation timing of exposure light L2 so that: outer 
regions of first light shielding portions 47 (see, FIG. 9) that 
are shielded from light by the first light shielding patterns 20 
of the photomask 3 corresponding to two types of columnar 
spacer forming portions 46 on the Substrate are repeatedly 
exposed a predetermined number of times; an outer region of 
a second light shielding portion 48 (see FIG. 10A) that has a 
predetermined area and is shielded from light by the second 
light shielding pattern 22 of the photomask 3 corresponding 
to a Substantial center of a higher columnar spacer forming 
portion 46a of the two types of columnar spacer forming 
portions 46 of different heights and a lower columnar spacer 
forming portion 46b are exposed to a predetermined depth; an 
outer region of a third light shielding portion 49 that has a 
larger area than the second light shielding portion 48 and is 
shielded from light by the third light shielding pattern 24 of 
the photomask3 corresponding to the Substantial center of the 
higher columnar spacer forming portion 46a of the two types 
of columnar spacer forming portions 46 of different heights 
and an outer region of a fourth light shielding portion 50 (see, 
FIG. 10B) that has a predetermined area and is shielded from 
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10 
light by the fourth light shielding pattern 25 of the photomask 
3 corresponding to a Substantial center of the lower columnar 
spacer forming portion 46b are exposed; and an outer region 
of a fifth light shielding portion 51 that has a larger area than 
the third light shielding portion 49 and is shielded from light 
by the fifth light shielding pattern 26 of the photomask 3 
corresponding to the Substantial center of the higher colum 
nar spacer forming portion 46a of the two types of columnar 
spacer forming portions 46 of different heights and an outer 
region of a sixth light shielding portion 52 (see FIG. 10C) that 
has a larger area than the fourth light shielding portion 50 and 
is shielded form light by the sixth light shielding pattern 27 of 
the photomask3 corresponding to the Substantial center of the 
lower columnar spacer forming portion 46b are exposed. As 
illustrated in FIG. 7, the control device 7 includes an image 
processing unit 38, an arithmetic unit 39, a memory 40, a 
conveying device drive controller 41, a light source drive 
controller 42, a mask stage drive controller 43, an illumina 
tion device drive controller 44, and a control unit 45. 
The image processing unit 38 performs image processing 

on images of the surface of the color filter substrate 8 and the 
Nslit of the photomask3 captured by the imaging device 5, to 
detect a reference position preset for the pixel 9 on the color 
filter substrate 8 and a reference position preset for the N slit 
of the photomask 3. 
The arithmetic unit 39 calculates a distance between the 

reference position on the color filter substrate 8 and the ref 
erence position of the photomask 3 detected by the image 
processing unit 38, compares the calculated distance with a 
target value stored in the below-mentioned memory 40, and 
outputs a difference between the two values to the mask stage 
drive controller 43 as a correction value. The arithmetic unit 
39 also compares the number of times the edge of the pixel 9 
of the color filter substrate 8 substantially orthogonal to the 
conveying direction (direction indicated by arrow A) which is 
detected using the N slit, with a target number of times stored 
in the memory 40. Each time these numbers match, the arith 
metic unit 39 outputs a lighting command to turn on the light 
source 34, to the light source drive controller 42. 
The memory 40 temporarily stores a calculation result of 

the arithmetic unit 39, and also stores a moving velocity V of 
the stage 15, the target value of the distance between the 
reference position on the color filter substrate 8 and the ref 
erence position of the photomask 3, and other initial setting 
values. 
The conveying device drive controller 41 moves the stage 

15 of the conveying device 1 in the direction indicated by 
arrow A at a constant Velocity. The conveying device drive 
controller 41 receives an output signal of the Velocity sensor 
in the conveying device 1, compares the output signal with the 
moving velocity V of the stage 15 stored in the memory 40, to 
thereby control the conveying device 1 so that the two values 
match. 
The light source drive controller 42 intermittently turns on 

the light Source 34, and transmits a drive signal to the light 
Source 34 according to the lighting command received from 
the operation unit 39. 
The mask stage drive controller 43 moves the mask stage 2 

together with the imaging device 5, in the direction Substan 
tially orthogonal to the conveying direction indicated by 
arrow A. The mask stage drive controller 43 controls the 
movement of the mask stage 2 based on the correction value 
received from the arithmetic unit 39. 
The illumination device drive controller 44 turns on and off 

the illumination device 6. The illumination device drive con 
troller 44 controls to turn on the illumination device 6 when 
an exposure start Switch is turned on, and turn off the illumi 
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nation device 6 when all exposure for the color filter substrate 
8 is completed. The control unit 45 controls to mediate 
between the above-mentioned components so that each com 
ponent operates appropriately. 
The following describes an operation of the exposure appa 

ratus having the above-mentioned structure and a columnar 
spacer forming method that uses the exposure apparatus, with 
reference to a flowchart of FIG. 8. 

First, in step S1, through an operation device (not illus 
trated) including, for example, a keyboard and the like, the 
moving Velocity V of the stage 15, a moving distance of the 
stage 15 from when exposure is started to when exposure is 
completed, power and an illumination time period of the light 
source 34, the distance L between the first light shielding 
pattern line set 21a of the first mask pattern group 16 and the 
observation window 33 in the photomask3, the target value of 
the number of times the edge of the pixel 9 of the color filter 
Substrate 8 substantially orthogonal to the conveying direc 
tion (direction indicated by arrow A) is detected, the target 
value of the distance between the reference position of the 
color filter substrate 8 and the reference position of the pho 
tomask3, and the like are input and stored in the memory 40, 
thereby performing initial settings. 

Next, in step S2, the color filter substrate 8 of which surface 
is coated with the positive photosensitive material 13 is posi 
tioned and mounted on the stage 15 at the predetermined 
position, with the coated surface facing upward. When the 
exposure start Switch (not illustrated) is turned on, the con 
veying device drive controller 41 in the control device 7 is 
activated to move the stage 15 in the direction of arrow A at 
the velocity V, thereby starting the conveying of the color 
filter substrate 8. Here, the conveying device drive controller 
41 receives the output signal of the velocity sensor in the 
conveying device 1, compares the output signal with the 
velocity V stored in the memory 40, and controls the convey 
ing device 1 so that the stage 15 moves at the velocity V. At the 
same time, the illumination device drive controller 44 is acti 
vated to turn on the illumination device 6, thereby starting the 
imaging of the surface of the color filter substrate 8 by the 
imaging device 5. 

In step S3, the color filter substrate 8 and the photomask 3 
are aligned. In detail, when the color filter substrate 8 is 
conveyed with the movement of the stage 15 and a pixel 9 
located forward in the conveying direction (direction indi 
cated by arrow A) among the pixels 9 formed on the color 
filter Substrate 8 reaches the imaging region of the imaging 
device 5, the imaging device 5 simultaneously images the 
pixel 9 through the observation window 33 of the photomask 
3 and the N slit in the observation window 33 of the photo 
mask 3. The imaging device 5 outputs an electrical signal of 
the captured image to the image processing unit 38 in the 
control device 7. 
The image processing unit 38 performs image processing 

on the electrical signal of the captured image received from 
the imaging device5, detect the reference position of the color 
filter substrate 8 such as a position of a left edge of the pixel 
9 parallel to the conveying direction, and the reference posi 
tion of the N slit of the photomask3 such as the centerposition 
of the left slit of the two slits parallel to the conveying direc 
tion. The image processing unit 38 outputs these position data 
to the arithmetic unit 39. 

The arithmetic unit 39 calculates the distance between the 
reference position of the pixel 9 and the reference position of 
the N slit of the photomask 3 based on the position data 
received form the image processing unit 38, compares the 
calculated distance with the target value of the distance 
between the two positions read from the memory 40, and 
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outputs a difference between the two values to the mask stage 
drive controller 43 as a correction value. 
The mask stage drive controller 43 moves the mask stage 2 

by the correction value received from the arithmetic unit 39 in 
a direction Substantially orthogonal to the direction indicated 
by arrow A (conveying direction) within the plane parallel to 
the surface of the stage 15. The mask stage drive controller 43 
thus aligns the color filter substrate 8 and the photomask 3. 
Note that the alignment is performed while the pixel 9 on the 
color filter substrate 8 is moving from the observation win 
dow 33 of the photomask 3 to the first light shielding pattern 
line set 21a of the first mask pattern group 16. The alignment 
is also performed during exposure at all times. 

In step S4, it is determined whether or not the color filter 
substrate 8 is conveyed to such a point that a first pair of 
columnar spacer forming portions 46a and 46b (see, FIG. 2) 
corresponding to four corners of the pixel 9 located forward in 
the conveying direction (direction indicated by arrow A) 
among the pixels 9 formed on the color filter substrate 8 
coincide with the first light shielding pattern line set 21a of 
the first mask pattern group 16 in the photomask 3. In this 
case, the moving distance of the color filter substrate 8 is 
detected as follows. First, the imaging device 5 captures the 
image of the pixel 9 on the color filter substrate 8, through the 
N slit in the observation window 33. The image processing 
unit 38 processes the captured image, to detect the edge of the 
pixel 9 substantially orthogonal to the conveying direction 
(direction indicated by arrow A). Following this, the arith 
metic unit 39 calculates a length of each of left and right parts 
of the edge of the pixel 9 situated between the left and right 
parallel slits of the N slit, as divided by a center line of an 
inclined slit of the N slit. The position of the color filter 
substrate 8 when the color filter substrate 8 is conveyed to 
such a point that the left and right parts of the divided edge are 
equal in length is used as a reference position to detect the 
moving distance of the color filter substrate 8 by the position 
sensor in the conveying device 1. The arithmetic unit 39 
compares the detected moving distance of the color filter 
substrate 8, with the target value of the moving distance 
calculated based on the distance L between the first light 
shielding pattern line set 21a and the observation window 33 
read out from the memory 40 and a width of the pixel 9 in the 
substrate conveying direction. When the detected moving 
distance matches the target value and the determination 
results in “YES in step S4, the process proceeds to step S5. 

In step S5, the arithmetic unit 39 outputs the lighting com 
mand to turn on the light source 34, to the light source drive 
controller 42. The light source drive controller 42 outputs the 
drive signal to the light Source 34, according to the lighting 
command. As a result, the light Source 34 is turned on for the 
predetermined time at the predetermined power, according to 
the above-mentioned initial settings. 
The ultraviolet source light L1 emitted from the light 

source 34 is made uniform in luminance distribution by the 
rod lens 35, and then converted to parallel light by the con 
denser lens 36. The photomask 3 is irradiated with this light. 
The photosensitive material 13 on the color filter substrate 8 
is exposed to the exposure light L2 passing through the pho 
tomask3. Here, as illustrated in FIG.9A, the outer regions of 
the first light shielding portions 47 that correspond to the pair 
of columnar spacer forming portions 46a and 46b located 
forward in the conveying direction of the color filter substrate 
8 and are shielded from light by the first light shielding 
patterns 20 of the first light shielding pattern line set 21a in the 
first mask pattern group 16 are exposed a first time, as a result 
of which the photosensitive material 13 is exposed to a pre 
determined depth. The following mainly describes exposure 
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performed on the pair of columnar spacer forming portions 46 
located forward in the conveying direction. 

In step S6, the edge of the pixel 9 orthogonal to the con 
veying direction (direction indicated by arrow A) is detected 
through the N slit, in the same way as in step S4. The arith 
metic unit 39 counts the number of times the edges of a 
plurality of pixels 9 coincide with the center line of the N slit 
(or the longitudinal center axis line of the observation win 
dow 33) when the color filter substrate 8 is conveyed. The 
arithmetic unit 39 compares the counted number of times 
with the target number of times (“2 in this embodiment) read 
out from the memory 40, and determines whether or not the 
two numbers match. When the two numbers match and the 
determination results in “YES, the process proceeds to step 
S7. 

In step S7, the arithmetic unit 39 outputs the lighting com 
mand to turn on the light source 34, to the light source drive 
controller 42. The light source drive controller 42 outputs the 
drive signal to the light Source 34, according to the lighting 
command. As a result, the light Source 34 is turned on for the 
predetermined time at the predetermined power according to 
the initial settings, and the photosensitive material 13 on the 
color filter substrate 8 is exposed. At this time, as illustrated in 
FIG.9B, the outer regions of the first light shielding portions 
47 that correspond to the pair of columnar spacer forming 
portions 46a and 46b located forward in the conveying direc 
tion and are shielded from light by the first light shielding 
patterns 20 of the second light shielding pattern line set 21b in 
the first mask pattern group 16 are further exposed a second 
time, as a result of which the photosensitive material 13 is 
exposed deeper. 

In step S8, the arithmetic unit 39 compares the moving 
distance of the color filter substrate 8 detected by the position 
sensor in the conveying device 1, with the moving distance of 
the color filter substrate 8 to the exposure end position read 
out from the memory 40. The arithmetic unit 39 determines 
whether or not the two distances match. When the two dis 
tances do not match and the determination results in “NO”. 
the process returns to step S6. Steps S6 to S8 are repeated until 
the determination of step S8 results in “YES’. Each time the 
number of times the edge of the pixel 9 on the color filter 
substrate 8 is detected matches the target number of times, the 
light source 34 is turned on for the predetermined time to 
perform exposure. 

Thus, as illustrated in FIG.9C, the outer regions of the first 
light shielding portions 47 that correspond to the pair of 
columnar spacer forming portions 46a and 46b located for 
ward in the conveying direction and are shielded from light by 
the first light shielding patterns 20 of the third light shielding 
pattern line set 21c in the first mask pattern group 16 are 
further exposed a third time, as a result of which the photo 
sensitive material 13 is exposed over the whole thickness. 

After this, when the color filter substrate 8 is conveyed and 
the pair of columnar spacer forming portions 46a and 46b 
located forward in the conveying direction reach under the 
second mask pattern group 17 of the photomask 3, as illus 
trated in FIG. 10A, the outer region of the second light shield 
ing portion 48 shielded from light by the second light shield 
ing pattern 22 of the second mask pattern group 17 of the 
photomask 3 at the substantial center of the higher columnar 
spacer forming portion 46a of the pair of columnar spacer 
forming portions 46a and 46b and the region corresponding to 
the opening pattern 23 of the second mask pattern group 17 of 
the photomask 3 in the lower columnar spacer forming por 
tion 46b are exposed to a predetermined depth. 
When the color filter substrate 8 is further moved and the 

pair of columnar spacer forming portions 46a and 46b located 
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14 
front in the conveying direction reach under the third mask 
pattern group 18 of the photomask 3, as illustrated in FIG. 
10B, the outer region of the third light shielding portion 49 
that has a larger area than the second light shielding portion 
48 and is shielded from light by the third light shielding 
pattern 24 of the third mask pattern group 18 of the photo 
mask3 at the Substantial center of the higher columnar spacer 
forming portion 46a of the pair of columnar spacer forming 
portions 46a and 46b and the outer region of the fourth light 
shielding portion 50 with a predetermined area shielded from 
light by the fourth light shielding pattern 25 of the third mask 
pattern group 18 at the substantial center of the lower colum 
nar spacer forming portion 46b are exposed. 
When the color filter substrate 8 is further moved and the 

pair of columnar spacer forming portions 46a and 46b located 
forward in the conveying direction reach under the fourth 
mask pattern group 19 of the photomask 3, as illustrated in 
FIG. 10C, the outer region of the fifth light shielding portion 
51 that has a larger area than the third light shielding portion 
49 and is shielded from light by the fifth light shielding 
pattern 26 of the fourth mask pattern group 19 of the photo 
mask3 at the Substantial center of the higher columnar spacer 
forming portion 46a of the pair of columnar spacer forming 
portions 46a and 46b and the outer region of the sixth light 
shielding portion 52 that has a larger area than the fourth light 
shielding portion 50 and is shielded from light by the sixth 
light shielding pattern 27 of the fourth mask pattern group 19 
at the Substantial center of the lower columnar spacer forming 
portion 46b are exposed. 

Furthermore, a plurality of pairs of columnar spacer form 
ing portions 46 following the pair of columnar spacer forming 
portions 46 located forward in the conveying direction are 
sequentially exposed by executing steps S6 to S8. Thus, expo 
sure is performed each time the number of times the edge of 
the pixel 9 on the color filter substrate 8 is detected matches 
the target number of times. When the color filter substrate 8 
reaches the exposure end position and the determination of 
step S8 results in “YES, the process proceeds to step S9. 

In step S9, the photosensitive material 13 on the color filter 
substrate 8 is developed by a predetermined developer. In this 
way, the photosensitive material 13 exposed to the exposure 
light L2 is eluted to the developer, while the unexposed pho 
tosensitive material 13 corresponding to the columnar spacer 
forming portions 46 remains. Thus, as illustrated in FIG. 11, 
two types of columnar spacers 53a and 53b that have substan 
tially hemispherical top parts and differ in height from each 
other are formed. 
The above-mentioned embodiment describes the case in 

which the peripheral regions of the columnar spacer forming 
portions 46 are repeatedly exposed three times using the first 
mask pattern group 16 and the columnar spacer forming 
portions 46 are repeatedly exposed three times in a stepwise 
manner using the second mask pattern group 17 to the fourth 
mask pattern group 19, however, the present invention is not 
limited to this. The number of stepwise exposures of the 
columnar spacer forming portions 46 which is repeatedly 
performed is appropriately determined based on a balance 
between irradiation energy of exposure light collected by the 
microlenses 28 and irradiation energy of exposure light irra 
diated through the first mask pattern group 16. 
The above-mentioned embodiment describes the case in 

which the stepwise exposure of the columnar spacer forming 
portions 46 is repeatedly performed through the microlenses 
28, however, the present invention is not limited to this, and 
the microlenses 28 may be omitted. In this case, the first mask 
pattern group 16 to the fourth mask pattern group 19 are all 
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provided on the same Surface of the photomask 3, and posi 
tioned so as to face the color filter substrate 8 in proximity. 

The above-mentioned embodiment describes the case in 
which the two types of convex patterns of different heights are 
formed, however, the present invention is not limited to this, 
and can be applied to the forming of three or more types of 
convex patterns of different heights. In this case, at least the 
following may be performed. After the outer regions of the 
first light shielding portions that are shielded from light by the 
photomask corresponding to a plurality of types of convex 
pattern forming portions on the Substrate are repeatedly 
exposed a predetermined number of times, the outer region of 
the second light shielding portion that has a predetermined 
area and is shielded from light by the photomask correspond 
ing to a substantial center of a predetermined convex pattern 
forming portion (the highest convex pattern forming portion) 
of the plurality of types of convex pattern forming portions, 
and a convex pattern forming portion other than the predeter 
mined convex pattern forming portion, are exposed to a pre 
determined depth. 

In the above description, the case in which the substrate is 
the color filter substrate 8 is described, however, the present 
invention is not limited to this, and can be applied to any 
substrate on which a plurality of types of convex patterns of 
different heights are formed. 

It should be appreciated that the entire contents of Japanese 
Patent Application No. 2008-319722, filed on Dec. 16, 2008, 
on which the convention priority is claimed is incorporated 
herein by reference. 

It should also be understood that many modifications and 
variations of the described embodiments of the invention will 
occur to a person having an ordinary skill in the art without 
departing from the spirit and scope of the present invention as 
claimed in the appended claims. 

What is claimed is: 
1. A method for forming convex patterns in which a Sub 

strate coated with a positive photosensitive material is irradi 
ated with exposure light through a photomask to expose the 
photosensitive material, thereby forming a plurality of types 
of convex patterns of different heights on the substrate, the 
method comprising the following steps to be executed while 
conveying the Substrate coated with a positive photosensitive 
material under the photomask in one direction at a constant 
velocity: 

repeatedly exposing outer regions of first light shielding 
portions on convex patterns forming portions that are 
sequentially shielded from light by a plurality of first 
shielding patterns arranged in the conveying direction of 
the Substrate among the plurality of first shielding pat 
terns formed on the photomask corresponding to a plu 
rality of types of convex pattern forming portions for the 
plurality of types of convex patterns on the substrate by 
a predetermined number of times: 

exposing an outer region of a second light shielding portion 
on a predetermined convex pattern that has a predeter 
mined area and is shielded from light by a second shield 
ing pattern formed on the photomask corresponding to a 
Substantial center of a predetermined convex pattern 
forming portion among the plurality of types of convex 
pattern forming portions to a predetermined depth, and 
exposing a convex pattern forming portion other than the 
predetermined convex pattern forming portion that is 
irradiated with exposure light through an opening pat 
tern formed on the photomask corresponding to the con 
vex pattern forming portion other than the predeter 
mined convex pattern forming portion to a 
predetermined depth; and 

developing the photosensitive material on the Substrate. 
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2. An exposure apparatus for forming a plurality of types of 

convex patterns of different heights on a substrate coated with 
a positive photosensitive material, comprising: 

a conveying device that conveys the Substrate coated with 
the positive photosensitive material in one direction at a 
constant Velocity; and 

a control device that exposes the photosensitive material by 
controlling an irradiation timing of exposure light with 
which the Substrate is irradiated through a photomask, 
wherein 

when the Substrate passes under the photomask, the control 
device controls the irradiation timing of the exposure 
light at least so that: 

outer regions of first light shielding portions on convex 
patterns forming portions that are sequentially shielded 
from light by a plurality of first shielding patterns 
arranged in the conveying direction of the Substrate 
among the plurality of first shielding patterns formed on 
the photomask corresponding to a plurality of types of 
convex pattern forming portions for the plurality of 
types of convex patterns on the Substrate are repeatedly 
exposed a predetermined number of times; and 

an outer region of a second light shielding portion on a 
predetermined convex pattern that has a predetermined 
area and is shielded from light by a second shielding 
pattern formed on the photomask corresponding to a 
Substantial center of a predetermined convex pattern 
forming portion among the plurality of types of convex 
pattern forming portions are exposed to a predetermined 
depth, and a convex pattern forming portion other than 
the predetermined convex pattern forming portion that is 
irradiated with exposure light through an opening pat 
tern formed on the photomask corresponding to the con 
vex pattern forming portion other than the predeter 
mined convex pattern forming portion are exposed to a 
predetermined depth. 

3. A photomask for forming a plurality of types of convex 
patterns of different heights on a substrate coated with a 
positive photosensitive material, used in an exposure appara 
tus that, while conveying the Substrate coated with the posi 
tive photosensitive material in one direction at a constant 
Velocity, exposes the photosensitive material by controlling 
an irradiation timing of exposure light with which the Sub 
strate is irradiated, the photomask comprising: 

a transparent Substrate; 
a first mask pattern group; and 
a second mask pattern group, 
wherein the first mask pattern group has first light shielding 

patterns arranged at an interval corresponding to a plu 
rality of types of convex pattern forming portions for the 
plurality of types of convex patterns on the Substrate, 
each of the first light shielding patterns having a Sub 
stantially same area as a cross sectional area of a convex 
pattern, and 

wherein the second mask pattern group has a second light 
shielding pattern and an opening pattern arranged at the 
interval corresponding to the plurality of types of convex 
pattern forming portions, the second light shielding pat 
tern having a predetermined area and corresponding to a 
predetermined convex pattern forming portion among 
the plurality of types of convex pattern forming portions, 
and the opening pattern corresponding to a convex pat 
tern forming portion other than the predetermined con 
vex pattern forming portion. 

4. The photomask according to claim 3, wherein the first 
mask pattern group is formed on one surface of the transpar 
ent Substrate, the second mask pattern group is formed on the 
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other Surface of the transparent Substrate, and microlenses are 
formed on the same side as the Surface of the transparent 
Substrate at a position retracting by a predetermined distance, 
from the Surface on which the first mask pattern group is 
formed toward the other surface of the transparent substrate, 
the microlenses corresponding to the second light shielding 
pattern and the opening pattern of the second mask pattern 
group. 

5. The photomask according to claim 4, wherein the first 
mask pattern group is formed on one surface of a first trans 
parent Substrate, the second mask pattern group is formed on 
one Surface of a second transparent Substrate and the micro 
lenses are formed on the other surface thereof, and the other 
surface of the first transparent substrate and the other surface 
of the second transparent Substrate are butt-joined together. 
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6. The photomask according to claim 4, wherein the first 

mask pattern group is formed on one surface of a first trans 
parent Substrate, the second mask pattern group is formed on 
one surface of a second transparent Substrate having a smaller 
thickness than the first transparent Substrate and the micro 
lenses are formed on the other Surface of the second transpar 
ent Substrate, and an end Surface of the first transparent Sub 
strate and an end Surface of the second transparent Substrate 
are butt-joined together. 

7. The photomask according to claim 4, wherein peripher 
ies of the microlenses are shielded from light by a light 
shielding film. 


